We present a new method [1] to accelerate density functional theory-based ab-initio molecular dynamics simulations. In the spirit of the Car-Parrinello [2] approach, the method circumvents the need to perform fully self-consistent electronic structure calculations. However, in contrast to the original scheme, large integration time steps can be used. To achieve this, we propagate the electronic degrees of freedom in terms of the contra-covariant density matrix in a nearly time-reversible manner by applying the always stable predictor-corrector method [3] . The corrector consists of a single preconditioned minimization step using the idempotency conserving orbital transformation method [4] . In this way sizable minimization steps can be taken, which guarantees that the propagation is performed within a small skin very close to its instantaneous ground state. Deviations from the Born-Oppenheimer surface are small and, more importantly constant, which implies that energy differences are portrayed with great accuracy.
